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Purpose: To determine whether neutrophil extracellular trap (NET) predicts prognosis and response to neoadjuvant immunotherapy 
in gastric cancer (GC) and explore the associated mechanisms.
Patients and Methods: Transcriptomic data from a GEO dataset (GSE62254) comprising 300 GC patients were analyzed. Patients 
were clustered based on 69 predefined NET-related genes (NRGs) summarized in previous studies, and clinical characteristics and 
immune cell infiltration between clusters were compared. An NRG signature was constructed. Retrospective clinical data and tissue 
samples from 243 surgically resected GC patients without neoadjuvant therapy and 49 patients receiving neoadjuvant chemotherapy 
combined with immunotherapy were collected. RNA sequencing, immunohistochemistry, and immunofluorescence were performed to 
assess NET density and its clinical relevance.
Results: Two NET-related subtypes in GC (NT1 and NT2) with distinct clinical features and survival time were identified. A risk 
model based on five NRGs demonstrated that NT2 had lower risk scores, correlating with favorable outcomes. High NET density was 
associated with advanced TNM stage and short recurrence-free survival time in the surgery cohort. In the immunotherapy cohort, low 
pre-treatment NET density correlated with more T cells predicted superior response rates (45.8% vs. 16.0%, P = 0.032) and 
pathological complete response (29.2% vs. 4.0%, P = 0.023).
Conclusion: Low NET density is linked to better prognosis and may identify patients with GC who could benefit from immunother
apy. These findings highlight the important role of NET in GC.
Keywords: gastric cancer, neutrophil extracellular trap, immunotherapy, prognosis, biomarker

Introduction
Gastric cancer (GC) remains a global health burden due to its high incidence and poor prognosis.1 Despite enhancement in 
surgical techniques, chemotherapy, radiotherapy, and targeted therapy, the overall survival rate remains unsatisfactory.2,3 In 
the past decades, immunotherapy, especially immune checkpoint inhibitors (ICIs), has significantly improved survival 
outcomes in GC patients refractory to conventional therapies.4 However, therapeutic response varies significantly among 
patients at similar disease stages, underscoring the need for biomarkers to predict prognosis and therapeutic efficacy.

Inflammation plays a pivotal role in tumor initiation, progression, and metastasis.5,6 For instance, Helicobacter pylori- 
induced chronic inflammation is a well-established driver of gastric carcinogenesis.7 Over the last decade, neutrophils, 
key mediators of innate immunity, are increasingly recognized for their dual roles in tumor biology.8,9 While neutrophils 

Journal of Inflammation Research 2026:19 564892                                                                1
© 2026 Zhong et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v4.0) License (http://creativecommons.org/licenses/by-nc/4.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Inflammation Research                                                     

Open Access Full Text Article

https://doi.org/10.2147/JIR.S564892
Received: 11 September 2025
Accepted: 5 March 2026
Published: 12 March 2026

Jo
ur

na
l o

f I
nf

la
m

m
at

io
n 

R
es

ea
rc

h 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0002-6268-1898
http://orcid.org/0000-0001-7048-8847
http://orcid.org/0000-0002-8482-4271
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


are traditionally viewed as pro-tumorigenic, recent studies suggest they have context-dependent anti-tumor functions.10 

Neutrophil extracellular traps (NETs) are web-like structures composed of DNA, histones, and granular proteins, which 
are released in response to pathogens and inflammatory stimuli.11,12 Emerging evidence implicates NET in promoting 
tumor progression, metastasis, and immunosuppression across multiple cancers, including hepatocellular carcinoma,13 

pancreatic cancer,14 and colorectal cancer.15 These findings suggest that NET plays an important role in tumor invasion 
and migration. NET is a critical component of the tumor microenvironment that influences the function of anti-tumor 
immune cells, including by trapping CD8+ T cells and causing immunological fatigue, thereby achieving immune 
evasion.16,17 Despite these advances, the role of NET in shaping tumor-immune interactions and modulating immu
notherapy response in GC remains underexplored.

Our previous work demonstrated that high NET density in locally advanced rectal cancer correlated with a pro-tumor 
microenvironment and predicted response to neoadjuvant therapy.18 Previous studies have also investigated the sig
nificance of NET in gastric cancer.19,20 We designed this study by using integrated bioinformatics, clinical data and 
immunofluorescence to validate, and evaluated the significance of NET in predicting the response to immunotherapy.

Materials and Methods
Data Collection and Cluster Analyse from Public Databases
Transcriptomic profiles and clinical data of 300 GC patients were retrieved from the GEO dataset GSE62254.21 Sixty- 
nine NRGs were curated from previous studies22 (Table S1).

Using the 69 NRGs, we performed cluster analysis with R package “ConsensusClusterPlus”23 to identify patients 
from the Asian Cancer Research Group (ACRG) cohort into different NET-related subtypes. The optimal number of 
clusters was determined by selecting the k value that minimized the within-cluster sum of squares and then confirmed the 
stability of the classification by performing 1000 repetitions. Survival analysis was performed using Kaplan‒Meier 
curves and Log rank tests to compare differences in survival between subgroups. We also compared the clinical features 
between subgroups.

The differentially expressed genes (DEGs) between subgroups were screened out using the “limma” package in 
R with criteria of |log FC|> 1 and P value < 0.05. Then, the molecular functions of DEGs were investigated using Gene 
Ontology (GO) analysis.

Estimation of Immune Cell Infiltration and Immune Checkpoints
We evaluated immune cell infiltration using multiple algorithms implemented in R. The ESTIMATE package was applied 
to calculate tumor purity for each sample. The relative abundance of infiltrating immune cells was quantified via the 
single-sample gene-set enrichment analysis (ssGSEA) algorithm,24 additionally, the CIBERSORT algorithm was used to 
estimate the proportions of 23 immune cell subtypes. The geneset for CIBERSORT and ssGSEA can be found in the 
Tables S2 and S3. To explore potential immunoregulatory mechanisms, we examined the expression of immune 
checkpoint molecules in relation to NET density.

Identification of Prognostic NRGs
Univariate Cox regression identified prognostic NRGs (P < 0.05). Then, the Lasso-Cox regression model was applied to 
obtain the regression coefficients for these potential prognostic genes. The signature risk score was created using the 
coefficient and expression level of each gene: Risk score = expression(gene[1]) × coefficient(gene[1]) + expression(gene 
[2]) × coefficient(gene[2]) +. + expression(gene[n]) × coefficient(gene[n]). Kaplan‒Meier survival analysis was per
formed to evaluate the prognostic value of the risk model and the predictive capability of the NETs model was evaluated 
using time-dependent receiver operating characteristic (ROC) curves.

Patient Data and Tissue Specimens
This retrospective study included 243 GC patients receiving curative surgical resection without preoperative neoadjuvant 
therapy at the 7th Medical Center of Chinese PLA General Hospital from January 2016 to January 2020, and all patients 
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underwent follow-up for 5 years, recurrence-free survival (RFS) was defined as the time between surgery and recurrence. 
Furthermore, we enrolled 49 GC patients who received neoadjuvant immunotherapy combined with chemotherapy from 
January 2022 to December 2024, and endoscopic biopsies were collected before treatment.

Clinicopathological features, including age at initial diagnosis, tumor location, histological subtype, pathological 
stage, tumor grade, vascular invasion, perineural invasion, neutrophil-to-lymphocyte ratio (NLR) and death, were 
recorded. Tumor response to therapy was evaluated using the Response Evaluation Criteria in Solid Tumors version 
1.1 (RECIST 1.1). An objective response was determined by complete response (CR) or partial response (PR), and non- 
response was defined as stable disease (SD) and progressive disease (PD).25

This study was conducted in accordance with the guidelines for biomedical research specified in the Declaration of 
Helsinki. Sampling and handling of any patients’ material was performed with informed consent from all patients and 
approval by the ethics committee of the 7th Medical Center of Chinese PLA General Hospital (2023–38).

Immunofluorescence Staining
Tumor samples were sectioned into 4 μm slices and following deparaffinization and rehydration, antigen retrieval was 
performed using EDTA buffer. The sections were then incubated overnight at 4 °C with primary antibodies against 
citrullinated histone H3 (1:1000, Abcam, ab5103) and MPO (1:1000, Abcam, AF3667). Subsequently, fluorochrome- 
conjugated secondary antibodies were applied and incubated for 1 hour. The NETs images were caught by Olympus 
Fluoview FV3000.

Identification and Quantification of NETs
Tumor regions were first identified through hematoxylin and eosin (H&E) staining. The pathologist (HZ) initially 
identified the main tumor mass under low-power magnification. Subsequently, under high-power magnification, the 
most representative tumor region is selected based on features such as cellular atypia and infiltrative growth and is 
designated as the region of interest. During this process, areas showing necrosis, hemorrhage, or processing-related 
artifacts are deliberately excluded to ensure the accuracy and reliability of subsequent analyses. These interested regions 
were subsequently imaged using confocal microscopy. Images analysis was carried out using QuPath and ImageJ. NETs 
were identified according to previously established protocols.26,27 The quantity of NETs was assessed by measuring the 
average fluorescence intensity in five selected area.

Immunohistochemistry of Tissues Samples
Immunohistochemistry was performed on dewaxed and hydrated 4-μm-thick FFPE sections that were antigen retrieved in 
EDTA, using CD3+ T cells (ZA-0503, ZSGB-BIO), CD4+ T cells (ZA-0519, ZSGB-BIO), CD8+ T cells (ZA-0805, 
ZSGB-BIO), neutrophils (ZM-0037, ZSGB-BIO) and T regulatory (Treg) cells (ab20034, Abcam). After blocking with 
5% bovine serum albumin (BSA) for 30 min, the sections were incubated at 37°C with primary antibody for 1 h. Then, 
the sections were incubated with secondary antibody for 30 min at room temperature and diaminobenzidine (DAB) for 
5 min followed by hematoxylin staining. All sections were dehydrated and scanned using a Leica CS2 and analyzed by 
QuPath (the full immunohistochemistry images are shown in Figure S1).

RNA-Seq and Analysis
RNA-seq analysis was performed on fresh-frozen tissues from 27 patients who were randomly selected and divided into 
high-NET density (N=14) and low-NET density (N=13) according to the median value. Total RNA was extracted using 
TRIzol® (Invitrogen), treated with DNase I (TaKara), and assessed via 1% agarose gels. RNA quality (OD260/280 = 1.8  
~ 2.2, OD260/230 ≥ 2.0, RIN ≥ 8.0, 28S:18 S ≥ 1.0, >1 μg) was verified using a Bioanalyzer 2100 (Agilent) and ND-2000 
spectrophotometer (NanoDrop). Libraries were constructed by Majorbio Bio-Pharm using Illumina’s TruSeqTM RNA 
Kit: polyA-selected mRNA was fragmented, reverse-transcribed into cDNA (SuperScript kit, Invitrogen), and processed 
with end-repair, adenylation, and size selection (300bp). PCR-amplified libraries were sequenced on Illumina NovaSeq 
6000 (2×150bp) after TBS380 quantification. All steps followed manufacturer protocols.
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Statistical Analysis
Categorical variables of the clinical characteristics in different groups were demonstrated in numbers with percentages 
and were compared by Fisher’s exact or chi-square test. The Wilcoxon rank-sum test was utilized to compare continuous 
variables. Survival curves were calculated using the Kaplan–Meier and Log rank tests. The independent risk factors for 
prognosis were summarized using univariate and multivariate regression Cox analyses, and logistic regression was used 
to analyze independent risk factors for neoadjuvant immunotherapy response. Statistical analyses were performed using 
a combination of GraphPad Prism 9 (version 9.0.0), R (version 4.2.1) and SPSS (version 26.0). A two-tailed P value < 
0.05 was regarded as statistically significant.

Results
Identification of NET-Related Subtypes in GC
Consensus clustering revealed two subtypes in the ACRG cohort: NET type 1 (NT1) and NET type 2 (NT2) (Figure 1A–C). 
Principal component analysis (PCA) confirmed distinct molecular profiles between the two clusters (Figure 1D). As 
illustrated in Figure 1E, Kaplan-Meier analysis revealed that NT2 had a better prognosis compared to NT1. In addition, 
the NT2 cluster had a lower N stage in terms of clinical characteristics (Figure 1F).

Immune Landscape and Checkpoint Expression Correlated with NET Density in GC
GO analysis determined the biological differences between the two GC patterns. NT1 and NT2 differed significantly in 
inflammation-related signaling pathways (Figure 2A); thus, we analyzed the immune cell infiltration of both. ESTIMATE 
analysis showed that NT2 GC had higher distributions of the Stromal score, Immune score and ESTIMATE score, 
whereas the tumor purity was lower (Figure 2B). Then, ssGSEA revealed that there were more immune-infiltrating cells 
in NT2 (Figure 2C). The results of CIBERSORT showed the proportions of different types of immune cells. Active 
memory CD4+ T cells, monocytes, M0 and M1-like macrophages, activated mast cells, eosinophils and neutrophils were 
more abundant in NT2 GC than in NT1 GC. In contrast, NT2 exhibited lower levels of infiltration of plasma cells, resting 
memory CD4+ T cells, follicular helper T cells, Treg cells, resting dendritic cells, and resting mast cells (Figure 2D). This 
indicated that active, anti-tumor immune cells accounted for the majority in the tumor microenvironment (TME) within 
the NT2 cluster.

Additionally, we compared immune checkpoint expression between the two types. Compared to NT1, there was no 
difference in the expression of programmed death 1 (PD-1); however, NT2 had a higher expression of CTLA4, PD-L1, 
LAG3, TIM3 and TIGIT. These results suggested that patients in the NT2 cluster might be more sensitive to 
immunotherapy (Figure 2E).

Identification of Prognostic NRGs and Construction of the Risk Model
Univariate COX, LASSO regression analysis screened 11 NRGs which were significantly associated with prognosis in 
GC patients (Figure 3A–C). Finally, prognostic signature genes were identified by stepwise regression, and five NRGs 
(ALPL, RIPK1, PIK3CA, SLC25A37, ITGAM) were used to construct a predictive model based on the risk score 
(Figure 3D). The risk score was calculated using the following formula: Risk score = (−3.11077x ALPL) + (−1.98572x 
RIPK1) + (1.32795x PIK3CA) + (−1.06982x SLC25A37) + (−2.71385x ITGAM), and the ROC curve results showed 
good stability of the predictive effect of the model (Figure 3E). According to the risk score, these patients were divided 
into Low-risk and High-risk groups. The expression of PIK3CA was significantly higher in the High-risk group than in 
the Low-risk group, and the other four genes were more highly expressed in the Low-risk group (Figure 3F). The 
Kaplan‒Meier survival analysis showed that the Low-risk group had a longer survival time (Figure 3G). The risk scores 
of NT1 and NT2 were calculated using the above model, and it was found that NT1 had a higher score compared with 
NT2 (Figure 3H), indicating that NT1 had a higher NET density, which was consistent with the survival analysis results 
of the previous Consensus cluster.
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NET Density is Associated with Distinct Clinical Characteristics in GC
To validate these results, 243 patients diagnosed with GC who underwent surgery directly were evaluated for NET 
density. To identify the presence of NETs in GC, double immunofluorescence analysis of CitH3 and MPO was performed 
in FFPE tumor tissue samples. Representative images of NETs are shown in Figure 4A.

To substantiate the above results, postoperative specimen RNA sequencing results from 27 patients in the surgery 
cohort were analyzed, and it was found that the risk score results were significantly correlated with the NET density 
confirmed by immunofluorescence (Figure 4B). These were divided into High-NET and Low-NET groups, with the 

Figure 1 Identification of different NET related patterns in the ACRG cohort. (A) The consensus matrix’s heatmap of the two clusters (k = 2). (B and C) The consensus 
matrix’s CDF plot from k = 2–9. (D) Principal component analysis (PCA) of the two subtypes. (E) Survival analysis of different subtypes based on OS (Log rank test). 
(F) Clinicopathological parameters of different subtypes defined in the ACGR cohort (*P < 0.05).
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median NET density as the cutoff value. The ssGSEA found that the Low-NET group had more B cells, CD8+ T cells, 
plasmacytoid dendritic cells (pDCs) and T helper cells (Figure 4C), and, there were higher levels of interferon I in these 
patients, which has anti-tumor capacity (Figure 4D).

The clinical features of all patients in the surgical cohort are listed in Table 1. The majority of patients were men 
(72.43%), and the range of age at initial diagnosis was 24‒80 years. Histological subtype was well-differentiated or 
moderately differentiated adenocarcinoma in 78 (32.1%) patients and poorly differentiated adenocarcinoma or signet ring 
cell carcinoma (SRCC) in 165 (67.9%) patients.

Figure 2 Bioenrichment, immune cell infiltration and immunotherapy efficacy prediction in the two NET subtypes. (A) GO analysis of two subtype-related pathways in the 
ACRG cohort. (B) Comparison of the ESTIMATE score, Immune score, Stromal score and tumor purity of the two subtypes in the ACRG cohort (Wilcoxon test). (C) 
Comparison of immune cell infiltration between the two subtypes in the ACRG cohort (ssGSEA, Wilcoxon test). (D) The proportions of infiltrating immune cells in the two 
subtypes were determined using the CIBERSORT tool. (E) Expression levels of immune checkpoint genes in the ACRG cohort (*P < 0.05, **P < 0.01, ***P < 0.001).
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Figure 3 Construction of a gene risk score model in the ACRG cohort. (A) Prognostic analyses of 69 NET-related genes using univariate Cox regression model. (B) 
Screening of prognostic model genes using LASSO regression. (C) Cross-validation of LASSO regression parameter selection. (D) Stepwise regression to further screen 
prognosis-related genes and construct the model. (E). ROC curve to verify the validity and stability of the model. (F) Distribution of the risk score, prognostic model genes 
and survival status of 300 patients in the ACRG cohort. (G) Survival analysis of High-risk and Low-risk patients based on OS (Log rank test). (H) Risk scores of NT1 and 
NT2 (Wilcoxon test) (*P < 0.05, **P < 0.01).

Journal of Inflammation Research 2026:19                                                                                          https://doi.org/10.2147/JIR.S564892                                                                                                                                                                                                                                                                                                                                                                                                       7

Zhong et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Figure 4 Validation of the prognostic value of NET density in the surgery group. (A) Representative images of different NET density. (B) The correlation analysis between 
NET density and risk score of 27 patients with GC. (C and D) Immune cell infiltration and immune function analysis in 27 patients (ssGSEA, Wilcoxon test). (E) Kaplan‒ 
Meier survival curve of patients with High- and Low-NET in the surgery cohort (Log rank test). (F) Selection of independent prognostic factors using the Multivariate Cox 
model (*P < 0.05, **P < 0.01).
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Patients were classified into Low-NET (n=121) and High-NET (n=122) tumor groups. The clinicopathological 
parameters were compared between the two groups (Table 1). High NET density was mostly observed in the patients 
with higher TNM stage (compared with stage III, P<0.001), tumors with serosal and sub-serosal exposure (pT3-4) 
(compared with pT1-2, P<0.001), and tumors with nodal metastasis (pN1-3) (compared with pN0, P<0.001).

NET Density Predicted the Prognosis of GC Patients
To investigate the prognostic value of NET density in patients with GC, we evaluated the significance of NET density in 
the surgical cohort. Kaplan–Meier analysis showed that the Low-NET group exhibited better RFS compared to the High- 
NET group (hazard ratio [HR] 0.47, 95% CI 0.32–0.68, P < 0.0001, Figure 4E). Moreover, univariate Cox regression 
analysis revealed that RFS was significantly associated with the NLR, pTNM stage, tumor grade, and NET density 
(Table 2). Multivariate Cox regression analysis showed that pTNM stage and NET density were independent predictors 
of RFS (Figure 4F). These findings suggested that NETs may play a significant role in promoting tumor progression.

Table 1 Baseline Clinical Characteristics of the High-NET and Low-NET Group in the Surgery 
Cohort

Characteristics Total (n=243) High-NET (n=122) Low-NET (n=121) P value

Gender, n (%) 0.67

Male 176 (72.43) 90 (73.77) 86 (71.07)

Female 67 (27.57) 32 (26.23) 35 (28.93)
Age (years), n (%) 0.61

<65 122 (50.21) 59 (48.36) 63 (52.07)

≥65 121 (49.79) 63 (51.64) 58 (47.93)
NLR, n (%) 0.20

High 123 (50.62) 67 (54.92) 56 (46.28)
Low 120 (49.38) 55 (45.08) 65 (53.72)

Stage, n (%) <0.001

1-2 94 (38.68) 33 (27.05) 61 (50.41)
3 149 (61.32) 89 (72.95) 60 (49.59)

pT, n (%) <0.001

1–2 82 (33.74) 28 (22.95) 54 (44.63)
3–4 161 (66.26) 94 (77.05) 67 (55.37)

pN, n (%) <0.001

0 64 (26.34) 20 (16.39) 44 (36.36)
1–3 179 (73.66) 102 (83.61) 77 (63.64)

Vascular invasion, n (%) 0.17

No 94 (38.68) 40 (32.79) 55 (45.45)
Yes 123 (50.62) 64 (52.46) 58 (47.93)

Null 26 (10.70) 18 (14.75) 8 (6.61)

Perineural invasion, n (%) 0.49
No 127 (52.26) 58 (47.54) 69 (57.02)

Yes 90 (37.04) 46 (37.71) 44 (36.36)

Null 26 (10.70) 18 (14.75) 8 (6.61)
Tumor grade, n (%) 0.96

G1-2 78 (32.10) 39 (31.97) 39 (32.23)

G3 165 (67.90) 83 (68.03) 82 (67.77)
P53, n (%) 0.27

Negative 78 (32.10) 35 (28.69) 43 (35.54)

Positive 165 (67.90) 87 (71.31) 78 (64.46)
HER2, n (%) 0.34

Negative 211 (86.83) 103 (84.43) 108 (89.26)

Positive 32 (13.17) 19 (15.57) 13 (10.74)

Abbreviations: NET, neutrophil extracellular trap; NLR, neutrophil-to-lymphocyte ratio.
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Association Between NET Density and Sensitivity to Immunotherapy in GC Patients
In order to verify the role of NET density in predicting the response to immunotherapy, we evaluated the NET density in 
the ICI cohort which included 49 patients with advanced GC without distant metastasis and treated with anti-PD-1 
antibody. The baseline characteristics of these patients are summarized in Table 3. This cohort included 28 clinical stage 
3 patients and 21 clinical stage 4A patients, and most of these patients had poorly differentiated tumors (37/49, 75.51%). 
Forty-seven patients (95.92%) received basal chemotherapy with SOX (S-1 plus oxaliplatin), and 2 patients received 
paclitaxel. The response rate was 30.61% (15/49), with 8 patients achieving pathological complete response (pCR).

Similarly, these patients were categorized into Low-NET and High-NET groups based on NET density in pre-ICI 
biopsy tissues. In the Low-NET group, the percentage of responders was significantly higher than that in the High-NET 
group (45.8% vs. 16.0%, P = 0.032, Figure 5A). Furthermore, more patients also achieved pCR in the Low-NET group 
compared with the High-NET group (29.2% vs. 4.0%, P = 0.023, Figure 5B).

We further investigated the patterns of ICI-induced changes in NET density. An increased NET density after 
treatment was found in all patients (P = 0.0361, Figure 5C), and in the non-response groups (P = 0.0245, Figure 5D). 

Table 2 Univariate Cox Analysis in the Surgery 
Cohort

Variables HR (95% CI) P value

Gender

Male 1 [Reference] NA

Female 0.88 (0.60–1.29) 0.51
Age (years)

<65 1 [Reference] NA

≥65 1.06 (0.75–1.52) 0.72
Vascular invasion

No 1 [Reference] NA
Yes 1.04 (0.58–1.89) 0.87

Perineural invasion

No 1 [Reference] NA
Yes 1.29 (0.71–2.35) 0.41

P53

Negative 1 [Reference] NA
Positive 1.07 (0.73–1.56) 0.73

HER2

Negative 1 [Reference] NA
Positive 1.03 (0.60–1.77) 0.91

NLR

High 1 [Reference] NA
Low 0.64 (0.45–0.92) 0.01

Stage

1 1 [Reference] NA
2 1.65 (0.81–3.35) 0.17

3 3.06 (1.67–5.59) <0.001

Tumor grade
G1 1 [Reference] NA

G2 1.64 (0.80–3.38) 0.18

G3 2.02 (1.10–3.68) 0.02
NET density

High 1 [Reference] NA

Low 0.47 (0.32–0.68) <0.001

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; NET, 
neutrophil extracellular trap.
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No significant difference was observed between pre- and post-ICI NET density in terms of response (P = 0.8580, 
Figure 5E), non-pCR (P = 0.0576, Figure 5F), and pCR groups (P = 0.3984, Figure 5G).

We also evaluated immune cell infiltration in the two NET groups of patients (Figure 5H). It was found that immune 
cell infiltration was correlated with NET density (Figure 5I). In addition, compared with the non-response group, the 
response group had significantly more CD3+, CD4+, and CD8+ T cells (Figure 5J), which may explain the difference in 
response between the two groups.

Discussion
Our data demonstrate that elevated NET density correlates with aggressive clinicopathological features, including 
advanced TNM stage and nodal metastasis, suggesting its role in promoting tumor progression. In addition, high NET 
density in the biopsy before treatment may indicate a poor response to immunotherapy in GC. Our findings demonstrated 
that NET density is a candidate predictive biomarker for prognosis and sensitive to immunotherapy of GC.

Table 3 Baseline Clinical Characteristics of the High-NET and Low-NET Group in the ICI 
Cohort

Characteristics Total (n=49) Low-NET (n=24) High-NET (n=25) P value

Gender, n (%) 0.77

Male 32 (65.31) 15 (62.50) 17 (68.00)

Female 17 (34.69) 9 (37.50) 8 (32.00)
Age (years), n (%) 0.56

<65 30 (61.22) 16 (66.67) 14 (56.00)

≥65 19 (38.78) 8 (33.33) 11 (44.00)
Location, n (%) 0.92

Lower 1/3 15 (30.61) 8 (33.33) 7 (28.00)
Middle 1/3 15 (30.61) 7 (29.17) 8 (32.00)

Upper 1/3 19 (38.78) 9 (37.50) 10 (40.00)

Tumor grade, n (%) 0.20
G2 12 (24.49) 8 (33.33) 4 (16.00)

G3 37 (75.51) 16 (66.67) 21 (84.00)

cT, n (%) 0.25
cT3 10 (20.41) 6 (16.00) 4 (25.00)

cT4a 18 (36.73) 6 (48.00) 12 (25.00)

cT4b 21 (42.86) 12 (36.00) 9 (50.00)
cN, n (%) 0.045

cN1-2 27 (55.1) 17 (70.83) 10 (40.00)

cN3 22 (44.9) 7 (29.17) 15 (60.00)
NLR, Mean± SD 2.43±1.16 2.43±1.18 2.42±1.17 0.39

Treatment, n (%) 0.54

Nivolumab+Sox 20 (40.82) 10 (41.67) 10 (40.00)
Tislelizumab+Sox 22 (44.90) 11 (45.83) 11 (44.00)

Others+Sox 5 (10.20) 3 (12.50) 2 (8.00)

Others+Paclitaxel 2 (4.08) 0 (0) 2 (8.00)
Response, n (%) 0.032

No 34 (69.39) 13 (54.17) 21 (84.00)

Yes 15 (30.61) 11 (45.83) 4 (16.00)
pCR, n (%) 0.023

No 41 (83.67) 17 (70.83) 24 (96.00)

Yes 8 (16.33) 7 (29.17) 1 (4.00)

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; NET, neutrophil extracellular trap; SOX, S-1 plus Oxaliplatin; 
pCR, pathological complete response.
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Figure 5 The association between NET density and immunotherapy response. (A and B) The level of NET in pre-ICI specimens was compared in responders and non- 
responders, pCR and non-pCR. (C). Change in NET density between pre-ICI and post-ICI in all ICI-treated (C), non-responder (D), responder (E), non-pCR (F) and pCR 
(G) groups (paired t-test). H. CD3+ T cells, CD4+ B cells, CD8+ T cells, Treg cells and neutrophils were compared in the response and non-response groups (independent 
t-test). I-J. Comparison of immune cell infiltration in High-NET and Low-NET groups and the response and non-response groups (*P < 0.05, **P < 0.01).
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The TME has a complicated composition, which contains a variety of immune cells, tumor stroma, and a series of 
cytokines.28 The TME plays an important role in tumorigenesis, tumor progression, metastasis and drug resistance, and is 
not invariable.29,30 The components in the TME interact with each other to influence tumor biological behavior, and recent 
studies have found that TME not only influences the prognosis of patients with cancer, but also has an impact on the efficacy 
of neoadjuvant therapy in tumors, including chemotherapy, radiotherapy, and immunotherapy.31,32 We found that compared 
to tumors with low NET density, tumors with high levels of NET always had immune cell depletion which shows 
overexpression of inhibitory receptors and decreased effector cytokine production leading to failure of tumor elimination.

Tumor-associated neutrophils (TANs) are important components in the TME.33 A few studies have shown that TANs 
have some anti-tumor effects, for example, a new population of TANs was found in lung cancer patients, which can 
communicate with antigen-presenting cells and promote the anti-tumor effect of CD8+ T cells.34 However, most of the 
current findings support that the main role of TANs is the promotion of tumor cell proliferation and metastasis.35–37 This 
discrepancy may be due to the fact that our current understanding of the phenotypes, mechanisms of infiltration and the 
functions of TANs is still deficient. NETs were first discovered in 2004 and are important products of neutrophils. In 
previous studies, it was also found that NETs play an important role in innate immunity, and their unique structure has led 
to the capture of pathogens and various cells.38 Recent studies have identified the accumulation of NETs in tumors and 
peripheral blood, which is a new mechanism contributing to the progression and metastasis of multiple cancer types, 
including lung cancer,39 breast cancer40 and colorectal cancer,41 and is associated with the dismal prognosis of patients 
with cancer.42 NETs can shield tumor cells from aggressive immune cells; thus, protecting these tumor cells.16 In 
addition, NETs are closely associated with other components of the TME.43 T helper 17 (Th17) cells in pancreatic cancer 
were found to promote the development and progression of tumors, and were able to induce NET production, thereby 
inhibiting the anti-tumor effects of CD8+ T cells.44 Additionally, NETs also accelerated the formation of cancer- 
associated fibroblasts (CAFs) and promoted liver metastasis in pancreatic cancer.45 Our previous findings also showed 
that the increased level of NETs in locally advanced rectal cancer was associated with epithelial mesenchymal transition 
and immunosuppressive TME formation, which led to a poor outcome.18 Consistently, we also found that immune cell 
infiltration was different in GC with different levels of NET density.

Immunotherapy has been extensively investigated and its effectiveness proven in diverse tumor types. Initially, it was 
mainly used to treat melanoma and lung cancer, and clinical trials have proved that it can significantly improve survival 
rates.46,47 Following further investigation, immunotherapy has also been used in the treatment of liver cancer,48 head and 
neck squamous cell cancer,49 and colorectal cancer.50 In past decades, studies of immunotherapy for GC have also shown 
promising results. According to previous studies, tumor-infiltrating lymphocytes (TILs) have an important contribution to 
the efficacy of immunotherapy.51 On the one hand, the higher level of TILs in the tumor the more likely it is to respond to 
immunotherapy as compared with tumors with low TILs. On the other hand, immunotherapy drugs may transform “cold” 
tumors into “hot” tumors, characterized by restoring CD8+ T cells feature and increasing TILs.52,53 Previous studies 
using public data also found that NETs are associated with cancer stem cell indices and chemotherapy sensitivity in 
gastric cancer.20 Our findings further clarified the relationship between NETs and the efficacy of immunotherapy in 
gastric cancer and implied that tumors with a high NET density had fewer TILs in the TME, which may explain why 
patients with high NET density did not respond to immunotherapy.

While our study has provided valuable insights, it still has some limitations. First, the crosstalk between NETs and 
immune cells in the TME warrants further investigation, with the specific mechanisms of NET inhibition needing 
elucidation through future in vitro co-culture and mouse model studies. Second, our retrospective study may have 
selection bias and thus limited the clinical and pathological investigation results. Furthermore, the number of patients 
included in this study was limited, the sample size of RNA-seq and patients received immunotherapy was relatively 
small, and no formal prior efficacy analysis was conducted. This is because the study was exploratory in nature and 
constrained by the availability of sequencing data. Finally, we are not able to provide survival data on the immunotherapy 
cohort, as they have not yet been followed up for more than 3 years. Further study is warranted to explore the 
mechanisms and verify our findings.
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Conclusion
We demonstrated that the density of NETs serves as a crucial marker for predicting RFS in patients with GC after 
surgical resection. Higher NET density is associated with more aggressive tumor characteristics and worse survival 
outcomes. Additionally, lower NET density correlates with improved responses to immunotherapy, emphasizing that 
NET density would help identify individuals with GC who could benefit from immunotherapy.
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